TITLE OF INVENTION 



Optical Displacement Sensor 

5 BACKGROUND OF INVENTION 

[0001] The present invention pertains to an optical displacement sensor capable of detecting 
displacement of a target to which distance is measured by projecting light and receiving such 
light after reflection thereof. 
10 [0002] Triangulation-type displacement sensors capable of detecting displacement of a target 
to which distance is measured by projecting light and receiving such light after reflection 
thereof have been proposed conventionally (e.g., see Japanese Patent Application Publication 
Kokai No. H4- 174923 (1992) and Japanese Patent Application Publication Kokai No. H5- 
87526(1993)). 

15 [0003] FIG. 5 shows a displacement sensor described at Japanese Patent Application 
Publication Kokai No. H4- 1 74923 (1 992). 

[0004] This displacement sensor consists of light-emitting element 1 03 for causing light for 
detection to be projected more or less perpendicularly with respect to distance measurement 
target 107, light-projecting Fresnel lens 104 arranged in front of light-emitting element 103, 
20 light-collecting Fresnel lens 1 1 3 for collecting light reflected from distance measurement 
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target 107, and optical position sensing detector (PSD) 1 10 for detecting light collected by 
light-collecting Fresnel lens 113, the optical axis of light-collecting Fresnel lens 1 13 being 
arranged in a direction perpendicular to the light-receiving surface of PSD 110 and the optical 
axis of light-projecting Fresnel lens 104. 
5 [0005] Furthermore, FIG. 6 shows a displacement sensor described at Japanese Patent 
Application Publication Kokai No. H5-87526 (1993). 

[0006] This displacement sensor consists of light-emitting element 120 for causing light for 
detection to be projected more or less perpendicularly with respect to distance measurement 
target 1 17, light-collecting lens (convex lens) 121 arranged in front of light-emitting element 
10 120, pinhole 124 for allowing light reflected from distance measurement target 1 17 to pass 
therethrough, and optical position sensing detector (PSD) 122 for detecting light which has 
passed through pinhole 124, PSD 122 being arranged such that the light-receiving surface 
thereof is parallel to the optical axis O of the light for detection. 

[0007] The displacement sensor described at the aforementioned Japanese Patent Application 
15 Publication Kokai No. H4-1 74923 (1 992) is such that light-collecting Fresnel lens 1 13 is 
used to collect light from light-emitting element 103 when light is projected onto distance 
measurement target 1 07. Furthermore, the displacement sensor in Patent Reference No. 2, 
above, is such that light-collecting lens (convex lens) 121 is used to collect light from light- 
emitting element 120. 

20 [0008] Where light-collecting Fresnel lens 113, light-collecting lens (convex lens) 121, or 
other such light-collecting element is used, this has presented a problem in that it has been 
necessary to set the distance between the light-collecting element and the light-receiving 
element to a prescribed distance; and moreover, the fact that some prescribed size is required 
for the light-collecting element has caused the dimensions of the overall displacement sensor 

25 to increase. 

[0009] Furthermore, in the case of the displacement sensor described at Japanese Patent 
Application Publication Kokai No. H4-174923 (1992), light-collecting Fresnel lens 113 is 
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used as means for guiding light reflected from distance measurement target 107 to PSD 110, 
and this has also contributed to increase in the dimensions of the displacement sensor. 
[0010] Furthermore, in the case of the displacement sensor described at Japanese Patent 
Application Publication Kokai No. H5-87526 (1993), pinhole 124 is used as means for 
guiding light reflected from distance measurement target 1 17 to PSD 122. Now, it being 
necessary that the reflected light which is guided by pinhole 124 be incident on the light- 
receiving surface of PSD 122 in order for detection of that light to occur, the narrowness of 
that light beam has made it necessary to either increase the precision with which PSD 122 is 
positioned or increase the dimensions of the light-receiving surface of PSD 122. Furthermore, 
depending upon the environment in which this displacement sensor is used, dust may 
accumulate at pinhole 124 or may invade the interior of the sensor from pinhole 124. Under 
such conditions, it has sometimes occurred that light reflected from distance measurement 
target 1 17 is blocked at pinhole 124 or at the sensor interior, impairing the detection 
capability of the displacement sensor. 

[001 1] The present invention was conceived in order to solve such problems, it being an 
object thereof to provide an optical displacement sensor which is both thin and small. It is 
moreover an object thereof to provide an optical displacement sensor whose detection 
capability is not impaired by dust or the like. 

SUMMARY OF INVENTION 
[0012] To solve the above problems, the present invention is concerned with a triangulati on- 
type optical displacement sensor having one or more light-emitting elements for projecting 
light onto one or more targets to which one or more distances is or are to be measured, and 
one or more light-receiving elements, at least one of the light-receiving element or elements 
receiving at least a portion of the light reflected from at least one of the distance measurement 
target or targets and such that at least one light-receiving surface thereof is substantially 
perpendicular to at least one optical axis of at least a portion of the projected light, 
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comprising: one or more slits narrowing one or more light beams projected toward at least 
one of the distance measurement target or targets, and one or more slits narrowing at least a 
portion of the light reflected from at least one of the distance measurement target or targets. 
That is, such the present invention may employ constitution(s) wherein projected light and 
reflected light are both narrowed by slit(s). In particular, position(s) of slit(s) narrowing light 
reflected from distance measurement target(s) may be set based on triangulation principles. 
This being the case, since distance(s) between light-emitting element(s) and slit(s) narrowing 
light beam(s) projected onto distance measurement target(s) may to a certain extent be chosen 
freely, it will be possible to construct a displacement sensor which is thin; and moreover, 
since such slit(s) is or are small itself or themselves, it will be possible to construct a 
displacement sensor which is small. 

[0013] Here, one or more filters may be arranged at the exit side of at least one of the slit or 
slits narrowing one or more light beams projected toward at least one of the distance 
measurement target or targets, and one or more filters may be arranged at the incident side of 
at least one of the slit or slits narrowing at least a portion of the light reflected from at least 
one of the distance measurement target or targets. As a result of such provision of filter(s), in 
the event that dust accumulates in the vicinity of slit(s), it will be possible to easily remove 
such dust and it will be possible to prevent such dust from invading the sensor interior from 
slit(s). This being the case, it will be possible to prevent dust from impairing the detection 
capability of the displacement sensor. 

[00 1 4] Furthermore, the present invention is concerned with a triangulation-type 
optical displacement sensor having one or more light-emitting elements for projecting light 
onto one or more targets to which one or more distances is or are to be measured, and one or 
more light-receiving elements, at least one of the light-receiving element or elements 
receiving at least a portion of the light reflected from at least one of the distance measurement 
target or targets and disposed such that at least one light-receiving surface thereof is 
substantially perpendicular to at least one optical axis of at least a portion of the projected 
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light, comprising: one or more slits narrowing one or more light beams projected toward at 
least one of the distance measurement target or targets, and one or more light collecting 
elements collecting at least a portion of the light reflected from at least one of the distance 
measurement target or targets; and at least one of the light collecting element or elements 
5 may be a cylindrical lens. That is, such the present invention may employ constitution(s) 
wherein reflected light is narrowed by slit(s). Position(s) of slit(s) narrowing light reflected 
from distance measurement target(s) may be set based on triangulation principles. This being 
the case, since distance(s) between light-emitting element(s) and such light-collecting 
element(s) may to a certain extent be chosen freely, it will be possible to construct a 

10 displacement sensor which is thin; and moreover, since such slit(s) is or are small itself or 
themselves, it will be possible to construct a displacement sensor which is small. 
[0015] Here, one or more filters may be arranged at the exit side of at least one of the slit or 
slits narrowing one or more light beams projected toward at least one of the distance 
measurement target or targets. As a result of such provision of filter(s), in the event that dust 

15 accumulates in the vicinity of slit(s), it will be possible to easily remove such dust and it will 
be possible to prevent such dust from invading the sensor interior from slit(s). This being the 
case, it will be possible to prevent dust from impairing the detection capability of the 
displacement sensor. 

20 BRIEF DESCRIPTION OF DRAWINGS 

[0016] FIG. 1 is a schematic diagram showing the constitution of Embodiment 1 of the 
optical displacement sensor of the present invention. 

[0017] FIG. 2 is a schematic diagram showing the constitution of Embodiment 2 of the 
25 optical displacement sensor of the present invention. 

[0018] FIG. 3 is a schematic diagram showing the constitution of Embodiment 3 of the 
optical displacement sensor of the present invention. 



[0019] FIG. 4 is a schematic diagram showing the constitution of Embodiment 4 of the 
optical displacement sensor of the present invention. 

[0020] FIG. 5 is a schematic diagram showing one example of the constitution of a 
conventional displacement sensor. 
5 [0021] FIG. 6 is a schematic diagram showing another example of the constitution of a 
conventional displacement sensor. 

DESCRIPTION OF PREFERRED EMBODIMENTS 

10 [0022] Below, embodiments of the present invention are described with reference to the 
drawings. 

[0023] (Embodiment 1) 

FIG. 1 is a drawing showing basic constitution of the optics in an optical displacement sensor 
(hereinafter simply "displacement sensor") in accordance with the present Embodiment 1 . 
15 [0024] This displacement sensor 10, being equipped with light-emitting element 1 1 and light- 
receiving element 12 provided along prescribed reference line S, possesses distance 
measurement range L. 

[0025] Light-emitting element 1 1 is, in the present Embodiment 1, a light emitting diode or 
other such light source, light beam Rl exiting light-emitting element 1 1 being narrowed by 

20 slit 13, which comprises a small opening disposed in the optical path in front of the region at 
which light beam Rl exits therefrom, to be projected onto distance measurement target 17. 
[0026] Light-receiving element 12 is, in the present Embodiment 1, a PSD (semiconductor 
position sensing detector), light diffusely reflected by distance measurement target 17 being 
narrowed by slit 14, which comprises a small opening disposed in front of light-receiving 

25 surface 12a, to be guided to light-receiving surface 12a. 

[0027] Light beam Rl exiting light-emitting element 1 1 passes through slit 13 to be projected 
onto distance measurement target 17, and a portion of the light diffusely reflected by distance 
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measurement target 17 passes through slit 14, the light narrowed thereby being incident on 
light-receiving surface 12a. 

[0028] The location at which this incident light is incident on light-receiving surface 12a 
varies as a function of the distance between distance measurement target 17 and light- 

5 receiving element 12. When the location at which this incident light is incident on light- 
receiving surface 12a changes relative to a reference location thereon, the relative intensities 
of the output signal currents respectively extracted from either end of light-receiving element 
12 vary in correspondence to the amount of such change. By using a controller signal 
processing circuit (not shown) to detect such alteration in relative intensities, it is possible to 

10 detect the distance between the distance measurement target 17 and light-receiving element 
12. 

[0029] The location of slit 13, which narrows light beam Rl exiting light-emitting element 
11, and the spacing relative to the opening thereof may be set based on a prescribed size for 
the spot to be formed by the light beam which is projected onto distance measurement target 
15 17. 

[0030] Furthermore, the location of slit 14, which guides to light-receiving surface 12a a 
portion of the light diffusely reflected by distance measurement target 17, may be set based 
on Formula (1), below, in accordance with triangulation principles. 
[0031]x = (Af)/L (1) 

20 where x = amount of movement of spot of light at light-receiving surface 1 2a of light- 
receiving element 12; A = distance between light-emitting element 1 1 and slit 14 in the 
direction of reference line S; f = distance between light-receiving element 12 and slit 14 in a 
direction perpendicular to reference line S; and L = range of measurable distances. 
[0032] Since the distance between slit 13 and light-emitting element 1 1 may thus to a certain 

25 extent be chosen freely, it will be possible to construct a displacement sensor which is thin; 
and moreover, since slit 13 is itself small, it will be possible to construct a displacement 
sensor which is small. 



PAGE 7 OF 14 



[0033] Furthermore, because slit 14 has an opening that is long in a direction (the direction 
perpendicular to the plane of the paper (FIG. 1)) perpendicular to the long direction (the 
direction of reference line S) of light-receiving element 12, the spot of reflected light at light- 
receiving surface 12a will be formed in a direction (the direction perpendicular to the plane of 
5 the paper (FIG. 1)) perpendicular to the long direction (the direction of reference line S) of 
light-receiving element 12. This makes positioning of light-receiving element 12 
comparatively easy to accomplish, and moreover permits reduction in the width (i.e., the 
dimension perpendicular to the direction of movement of the spot of light thereon and 
perpendicular to the plane of the paper (FIG. 1)) of light-receiving surface 12a. 
10 [0034] (Embodiment 2) 

FIG. 2 is a drawing showing basic constitution of the optics in a displacement sensor 20 in 
accordance with the present Embodiment 2. 

[0035] This displacement sensor 20, being equipped with light-emitting element 21 and light- 
receiving element 22 provided along prescribed reference line S, possesses distance 

1 5 measurement range L. 

[0036] Light-emitting element 21 is, in the present Embodiment 2, a light emitting diode or 
other such light source, light beam R2 exiting light-emitting element 21 being narrowed by 
slit 23, which comprises a small opening disposed in the optical path in front of the region at 
which light beam R2 exits therefrom, to be projected onto distance measurement target 27. 

20 [0037] Light-receiving element 22 is, in the present Embodiment 2, a PSD (semiconductor 
position sensing detector), light diffusely reflected by distance measurement target 27 being 
narrowed by light collecting element 24, which is disposed in front of light-receiving surface 
22a, to be guided to light-receiving surface 22a. 

[0038] Operation of displacement sensor 20 constituted in such fashion being similar to that 
25 at Embodiment 1 , above, description of operation will be omitted here. 
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[0039] The location of light collecting element 24, which guides to light-receiving surface 
22a a portion of the light diffusely reflected by distance measurement target 27, may be set 
based on Formula (1), above, in accordance with triangulation principles. 
[0040] Light collecting element 24 may, for example, be an optical element such as a 
5 cylindrical lens, in which case it should exhibit light-condensing capability in the long 
direction of light-receiving surface 22a. 
[0041] (Embodiments) 

FIG. 3 is a drawing showing basic constitution of the optics in a displacement sensor 30 in 
accordance with the present Embodiment 3. 
10 [0042] This displacement sensor 30, being equipped with light-emitting element 3 1 and light- 
receiving element 32 provided along prescribed reference line S, possesses distance 
measurement range L. 

[0043] Light-emitting element 31 is, in the present Embodiment 3, a light emitting diode or 
other such light source, light beam R3 exiting light-emitting element 3 1 being narrowed by 

15 slit 33, which comprises a small opening disposed in the optical path in front of the region at 
which light beam R3 exits therefrom, and passing through filter 35, which is arranged at the 
exit side of slit 33, to be projected onto distance measurement target 37. 
[0044] Light-receiving element 32 is, in the present Embodiment 3, a PSD (semiconductor 
position sensing detector), light diffusely reflected by distance measurement target 37 passing 

20 through filter 36, which is arranged at the incident side of slit 34, and being narrowed by slit 
34, which comprises a small opening disposed in front of light-receiving surface 32a, to be 
guided to light-receiving surface 32a. 

[0045] Operation of displacement sensor 30 constituted in such fashion being similar to that 
at Embodiment 1 , above, description of operation will be omitted here. 
25 [0046] As a result of such respective attachment of filters 35, 36 to both slits 33, 34, in the 
event that dust accumulates in the vicinity of slits 33, 34, such dust may be removed 
therefrom by following a prescribed procedure, and moreover, it will be possible to prevent 



such dust from invading the sensor interior from slits 33, 34. It will therefore be possible to 
prevent the detection capability of displacement sensor 30 from being impaired by dust. Note 
that so long as filters 35, 36 respectively permit removal of dust and make it possible to 
prevent dust from invading the sensor interior, the shapes thereof are not limited to those 
5 shown at FIG. 3. 

[0047] (Embodiment 4) 

FIG. 4 is a drawing showing basic constitution of the optics in a displacement sensor 40 in 
accordance with the present Embodiment 4. 

[0048] This displacement sensor 40, being equipped with light-emitting element 41 and light- 
10 receiving element 42 provided along prescribed reference line S, possesses distance 
measurement range L. 

[0049] Light-emitting element 41 is, in the present Embodiment 4, a light emitting diode or 
other such light source, light beam R4 exiting light-emitting element 41 being narrowed by 
slit 43, which comprises a small opening disposed in the optical path in front of the region at 

15 which light beam R4 exits therefrom, and passing through filter 45, which is arranged at the 
exit side of slit 43, to be projected onto distance measurement target 47. 
[0050] Light-receiving element 42 is, in the present Embodiment 4, a PSD (semiconductor 
position sensing detector), light diffusely reflected by distance measurement target 47 being 
narrowed by light collecting element 44, which is disposed in front of light-receiving surface 

20 42a, to be guided to light-receiving surface 42a. 

[0051] Operation of displacement sensor 40 constituted in such fashion being similar to that 
at Embodiment 1, above, description of operation will be omitted here. 
[0052] The location of light collecting element 44, which guides to light-receiving surface 
42a a portion of the light diffusely reflected by distance measurement target 47, may be set 

25 based on Formula (1), above, in accordance with triangulation principles. 
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[0053] Light collecting element 44 may, for example, be an optical element such as a 
cylindrical lens, in which case it should exhibit light-condensing capability in the long 
direction of light-receiving surface 42a. 

[0054] As a result of such attachment of filter 45 to slit 43, in the event that dust accumulates 
in the vicinity of slit 43, such dust may be removed therefrom by following a prescribed 
procedure, and moreover, it will be possible to prevent such dust from invading the sensor 
interior from slit 43. It will therefore be possible to prevent the detection capability of 
displacement sensor 40 from being impaired by dust. Note that so long as filter 45 permits 
removal of dust and makes it possible to prevent dust from invading the sensor interior, the 
shape thereof is not limited to that shown at FIG. 4. 

[0055] As described above, the optical displacement sensor of the present invention is such 
as to permit attainment of a displacement sensor which is both thin and small, permitting 
reduction in the space occupied thereby when installed in equipment. 
[0056] Moreover, the present application claims right of benefit of prior filing date of 
Japanese Patent Application No. 2002-280877, the content of which is incorporated herein by 
reference in its entirety. Furthermore, all references cited in the present specification are 
specifically incorporated herein by reference in their entirety. 



PAGE 1 1 OF 14 



